A round 10% of human immunodeficiency virus (HIV) infections globally are attributed to the use of injectable drugs. [1] [2] [3] [4] A study covering 148 countries 4 showed that there were 3 million HIV-positive persons among the 16 million people worldwide who were injecting drugs in 2008. However, HIV prevalence rates varied considerably between countries, ranging from 0.02% to 40%. In Sub-Saharan Africa, which was estimated to be the home to 1.5 million injecting drug users, more than 200,000 were estimated to be HIV-positive.
In Tanzania, previous studies have found high prevalence of HIVamong people who inject drugs (PWIDs). In Zanzibar, the HIV prevalence was reported to be 16% among PWIDs in 2007, 5 whereas 42% of PWIDs in Dar es Salaam were reported to be HIV positive in 2009. 6 These estimates are now a few years old, and the overall HIV prevalence in the country has dropped in recent years (there was a decrease from 7.9% in 2003 to 5.1% in 2012. 7, 8 In addition, several factors are now providing HIV prevention and harm reduction programming targeting PWIDs in Dar es Salaam, including needle and syringe programs, medicationassisted treatment, and "sober houses." 9, 10 The decreasing HIV in the general population calls for intensified intervention for population at risk for HIV infection, such as PWIDs, to be able to achieve the global target of 3 zeros (zero new infection, zero discrimination, and zero death). Taking stock of the current state of the HIV epidemic among PWIDs is an important step in the redesigning and scaling up of intervention measure. We present result from an integrated biobehavioral survey among PWIDs from Tanzania's largest urban area of Dar es Salaam.
MATERIAL AND METHODS

Study Area
This study was conducted in the 3 municipalities that make up the city of Dar es Salaam (Kinondoni, Ilala, and Temeke) with a total population of about 4 million. 11 The overall HIV prevalence in the city is 9.3%, considerably higher than the national average of 5.1%. 7 Compared with the rest of the country, Dar es Salaam has been reported to have more drug use behaviors and a higher occurrence of sexual behaviors with risk for HIV transmission. 6, 9, 10 
Study Design and Population
This was a cross sectional study, conducted in 2015. All people 15 years and older residing in Dar es Salaam who had injected drugs during the past 6 months were eligible to be included. Residence was defined as having lived in the city the last 6 months preceding fieldwork.
Sampling and Sample Size
Respondent-driven sampling (RDS), a method developed for the sampling from populations for which there is no available sampling frame, was used to recruit study participants. Respondentdriven sampling is based on the principle that members of the target population refer other members of the same population to participate, so that the sample is established by successive generations of recruitment referrals. Respondent-driven sampling builds on a mathematical model which provides a theoretical basis for estimation of population proportions and their variances through statistical adjustment. 12, 13 Sample size estimates were carried out with the aim to achieve 80% power to estimate the HIV prevalence among PWIDs. The estimation was based on the 2009 HIV prevalence study among PWIDs in Dar es Salaam where, as already mentioned, 42% were found to be HIV positive. 6 Taking into account a design effect of 1.8 due to RDS, a total of 605 participants were found to be required given the mentioned assumptions.
Data Collection Tools and Administration
The data collection instrument was in Swahili and was designed to take less than an hour to complete. Interview questions were developed in English and thereafter translated to Swahili by experienced translators before they were back-translated to English for validation purposes by the investigators (who are fluent in Swahili and familiar with terminology related to youth, health, HIV, substance/drug use, and sexual behavior).
After being informed about the study and having provided informed consent to participate in it, study participants took part in a structured interview administered in face to face conversations with trained interviewers. After completion of the interview, participants received pretest counseling for HIV and sexually transmitted infection (STI). From those who agreed to testing, a blood sample was thereafter drawn for the testing of HIV, hepatitis B, syphilis, and herpes simplex virus type 2 (HSV-2).
Laboratory Testing
Human immunodeficiency virus status was determined using Alere Determine HIV-1/2 assay (Alere Medical Co., Ltd, Japan). All samples that were reactive on the first assay were confirmed on a second rapid assay with Uni-Gold HIV-1/2 (Trinity Biotech Plc, Ireland). Discrepant results between the first and second rapid assays were resolved by Enzygnost HIV Integral II Antibody/ Antigen ELISA (enzyme-linked immunosorbent assay) (Siemens, Germany). Screening for the presence of hepatitis B surface antigen was done using SD Bioline hepatitis B surface antigen rapid test (Standard Diagnostics, Inc., Korea), and reactive samples were confirmed on a microparticle enzyme immune-assay (Abbott AxSYM, Germany). Syphilis screening was performed using the venereal disease research laboratory assay (Omega Diagnostic, UK), and reactive samples were confirmed by Treponemal Particle Hemagglutination Assay (Omega Diagnostic, UK). Herpes simplex virus type 2 serostatus was determined using HSV-2 IgG ELISA (Abbott Murex, UK) and reactive specimens were further tested with HSV-2 IgM ELISA to exclude active infection.
Ethical Considerations
Ethical approval was obtained from the Research and Publication Committee of the Muhimbili University of Health and Allied Sciences, and permission to conduct the study was thereafter obtained from the municipal authorities. To ensure confidentiality, interviews were conducted in private and secure places chosen by the participants themselves. Written informed consent was obtained from participants before the interview commenced. Health education regarding safe injection practices and safer sex was provided to all study participants, and those who tested positive for HIV and/or an STI were referred to a care and treatment clinic.
Data Analysis
Data were entered in SPSS version 15, whereas analyses were carried out using the STATA and RDSAT statistical packages. Because the selection probability is not the same for each participant when RDS is applied (larger networks are more likely to be represented than those that are smaller), data were weighted by calculating weight as an inverse of the participant's network size. 13 To reduce clustering and ensure that the whole sample was reflected in the analysis, we multiplied the weight by the sample size and divided it by the sum of the weights. Frequencies were calculated to show the proportional distribution of categorical variables. Mean and standard deviation was used to summarize continuous variables. Logistic regression models were built to identify independent predictors of HIV infection. All analyses were 2-tailed, and the significance level was set at 5%.
RESULTS
A total of 620 persons participated in this study, with men constituting a large majority (94.4%) of the sample. As shown in Table 1 , participants' age ranged from 17 to 52 years, and the median age was 32 years. More than half (53.1%) had completed primary school, and higher educational level than this was comparatively rare (only 7.6% had secondary school education or higher).
More than two thirds (68%) of the participants were single, whereas 13.7% were cohabiting with a partner, 11.6% were divorced or separated, and 5.7% were married. Slightly more than half (55.5%) had 1 or more children. Almost a third (30.4%) were living alone at the time of the survey, whereas 14.7% were living with a spouse or partner, 20% were living with parents, and 18% were staying with other relatives.
The reported monthly income varied from 100 to 3,000,000 Tanzanian shillings (ie, from 5 US cents to 1400 USD), with the median being 300,000 shillings (140 USD). Self-employment was reported as the main occupation by 37.1%, and 9% were petty traders.
Drug Use
About one out of every ten (11.4%) study participants had started to inject drugs when they were 15 years of age or younger, whereas 54.5% had debuted while they were between 15 and 24 years old. A majority (62.9%) said they had been introduced to injection practices by a friend. During the last three months before the interview, 57.5% reported having injected white heroine, 3.9% said they had injected brown heroine, 6.2% had taken cocaine, and 0.2% had used prescription drugs.
A large majority (96.2%) said that access to clean syringes and needles was not a problem for them, and drug stores were the most common source of injection paraphernalia. Use of needles or syringes that had been used by someone else was reported by 12.5%. Almost a third (31.9%) had a history of joint preparation of drugs before use.
Sexual Practices
The age at first sexual experience ranged from 7 to 28 years. The median was 18 years, and about a quarter of the study participants had been sexually active by the time they reached 15 years of age. A large majority (90.1%) had ever used a condom, and more than half (51.8%) said it was fairly easy to get male condoms when needed. The majority of respondents (77.8%) said they bought condoms from shops. Other sources of condom supply included drug stores (4.2%), health facilities (7.4%), and bars, guest houses and hotels (6.2%).
Self-Assessment of Risk for HIV Infection
Almost 2 (38.7%) of every 5 respondents considered themselves to be at no or low risk of HIV infection. Men were more likely to report no or low risk than women (40% vs 29%, P < 0.001).
Of all the participants, 71.1% reported to have ever tested for HIV, and of these, 55.8% had tested during the past year preceding the survey. Moreover, of those who tested for HIV, 66.5% received posttest counseling and were aware of their HIV status. Prior HIV testing did not differ by sex (P = 0.427).
Prevalence of HIV and Selected Sexually Transmitted Infections
Of the 620 participants who participated in this survey, 610 (98.4%) provided blood for testing of HIV and other STIs. The HIV prevalence was 15.5% and that of HSV-2 was 43.3%. The prevalence of hepatitis B was 1.1%, whereas none of the study participants had syphilis.
As shown in Table 2 , HIV prevalence was associated with low education level, syringe sharing, syringe re-use, and having had a genital ulcer during the last 12 months preceding the survey.
Independent Predictors of HIV Infection
A multiple logistic regression model was built to examine for independent predictors of HIV. As shown in Table 3 , women who inject drugs were considerably more likely than men to have an HIV infection.
Female PWIDs were 2 times more likely to be HIV seropositive when compared with 1 (adjusted odds ratio [aOR], 2.3; 95% confidence interval [CI], 1.0-3.6). Higher educational level was associated with a lower occurrence of HIV. The PWIDs who reported to have completed primary school were 60% less likely to be infected with HIV as compared to those who had never gone to school, whereas those with higher than primary education were 70% less likely to be seropositive.
The PWIDs who were reported to have used noninjectable drugs during the past 12 months had 40% lower likelihood of being HIV infected as compared with those who did not report use of such drugs. Access to clean and safe syringes (aOR, 0.5; 95% CI, 0.2-0.8) or cleaning of syringes (aOR, 0.3; 95% CI, 0.1-0.6) during sharing was associated with decreased risk of HIV infection in this population. On the other hand, sharing of syringe (aOR, 2.4; 95% CI, 1.1-6.1), using used syringe hidden in public places (aOR, 5.1; 95% CI, 1.3-10.2), and/or having a history of genital ulcer during the past 12 months preceding the survey (aOR, 4.8; 95% CI, 1.4-12.6) were associated with increased likelihood of HIV infection.
DISCUSSION
This is the largest integrated biobehavioral survey that has been conducted among PWIDs in Tanzania to date. It provides the most recent estimates of the prevalence of HIV and selected STIs, and some of their attendant risks, in this segment of the Tanzanian population.
A main finding is that PWIDs in Dar es Salaam continue to carry a very significant burden of HIV, and currently have an HIV prevalence that is 3 times higher than that in the overall Tanzanian population (15.5% vs 5.1%). 7 At a time when the overall rate of HIV infections is on the decrease in the country, 7, 8 these findings indicate that there is still a strong rationale for HIV programming that engages thoroughly and inclusively with population subgroups that suffer the most dramatic consequences of the HIV epidemic, such as PWIDs, to be able to achieve the global agreed target of zero new infection.
Although the presented HIV prevalence estimates are high, they are considerably lower than the overall prevalence of 42% reported among PWIDs in Dar es Salaam in 2009. 6 Although it is not possible to determine the reasons for this difference on the basis of this cross-sectional study alone, part of the explanation is undoubtedly the unalike sex composition of the 2 study populations. In the 2009 survey, 41% of study participants were women, whereas the proportion of women in this study was 5.6% (this was the outcome of RDS, and should in theory reflect the population proportions of women who inject drugs in Dar es Salaam). As we have shown, HIV prevalence is considerably higher among female than among male PWIDs in Dar es Salaam, and the inclusion of proportionally more women in the 2009 study in part explains the higher overall prevalence estimate reported by that study. Had the sex ratio been the same in the current study as in the mentioned 2009 survey, the overall average HIV prevalence in our study would have been 19.2%.
Even when the differences produced by the dissimilar sex composition in the 2 studies are taken into consideration in this There has been a considerable buildup of HIV prevention and care programming with and among PWIDs in the city in recent years, and several projects in town now provide health education as well as harm reduction services. 9 Aided also by a concurrent general decrease in HIV prevalence in the Tanzanian population in recent years, it is possible that this study provides the first indication that the impact of these interventions are about to come into effect.
Another significant finding of this study was the high prevalence of HSV-2 in the study population. It is well known from biological as well as epidemiological research that herpes simplex infections facilitate HIV transmission and acquisition. [14] [15] [16] Moreover, because HSV-2 is transmitted sexually, but not through the sharing of injection equipment, it is often used as a biomarker for sexual HIV transmission among PWIDs. 17 As compared with many studies all over Africa, most of the participants in this study reported to have access to clean syringes and needles. This finding could be attributed to ongoing syringe and needles provision program run by Medicine du Monde in the City. Given the increasing focus on safe injection practices in prevention programming with PWIDs in Dar es Salaam, and the good availability of needles and syringes reported by the study participants themselves, the high HSV-2 prevalence may suggest that sexual transmission may now be playing an important role in the HIV epidemic among PWIDs in the city. Moreover, a history of genital ulcer, probably in most cases due to HSV-2 infections, was associated with 5 times higher odds of HIV infection in this population.
When asked, a large proportion of study participants assessed their own risk for HIV acquisition or transmission as low. People who inject drugs clearly seem to underestimate their own general risk for HIV infection. This is consistent with the findings of other recent research that has found that there is a mismatch between risk behaviors among PWIDs in Dar es Salaam and screening for HIV infection. 18 The underestimation of own risk is important to take into consideration in the design of intervention measures and monitoring of behavioral change intervention in the future.
The overall findings of this study add to the rationale for HIV programming in Tanzania that focuses on high-risk groups such as PWIDs. The results also suggest that prevention of HIV infection among PWIDs needs to address both injection practices and risky sexual behaviors.
A substantial proportion of participants (71.1%) reported to have ever tested for HIVand 66.5% retuned for posttest counseling and knew their HIV status. These results indicate that PWIDs in Dar es Salaam have relatively good access to HIV-related services, and this could be an opportunity for delivery of targeted HIV prevention messages. In this study, all participants who tested positive for HIV were referred to a nearby care and treatment facility and were enrolled to care and treatment.
The findings of this study should be interpreted in light of the following limitations. First, this was a cross-sectional study which has the inherent weakness of entangling cause-and-effect relationships. However, the predictors of HIV infection we have studied are both biologically plausible and have been proven by robust epidemiological studies earlier. Second, drug use and sexual practices may be perceived as sensitive issues, and our study may therefore have suffered from desirability bias. This bias may have been more likely to underestimate rather than to overestimate risks. Lastly, this study was conducted in Dar es Salaam, and the results may not be representative of PWIDs elsewhere in Tanzania. However, due the fact that a large proportion of injecting drug use are in this city, intervention targeting PWIDs in Dar es Salaam are more likely to impact HIV transmission in a larger extent.
CONCLUSIONS
People who inject drugs in Dar es Salaam continue to carry a considerable burden of HIVand have an HIV prevalence that is 3 times larger than that in the overall population. At the same time, this study is the first to suggest that the HIVepidemic among PWIDs may currently be on the decline in Dar es Salaam, possibly reflecting the impact of HIV prevention programming with and among PWIDs. The prevalence of HSV-2 is very high and may suggest that sexual transmission of HIV is playing a central role in HIV transmission among PWIDs. A substantial proportion of PWIDs perceive themselves to be at no or low risk of HIV infection. To be able to achieve the global goals of zero new HIV infections and zero deaths from HIV, ongoing HIV prevention programming targeting PWIDs should be continued and strengthened. Behavioral intervention through peer outreach, medically assisted therapy, such as use of methadone, syringes and needles support, targeted HIV testing and counselling, should be given priority. This will be in line with the implementation of the available comprehensive guidelines for HIV prevention among key populations in Tanzania.
